ABSTRACT
INTRODUCTION
Lignocellulosic biomasses that contain starch in their structural composition are potential raw materials for the production of feedstock, biofuels and enzymes. These sources including wheat bran, wheat straw, corn, oat meal, rice, potato and cassava wastes, which contain 60-70% starch of their dried weight, and therefore represent a large source of biomass for fermentation (Nigam and Singh 1995) . The utilization of agricultural byproducts and other natural compounds for growing microorganisms may constitute an interesting alternative towards enzyme production with lower costs. In Brazil, the amount of sugarcane bagasse comprises one of the largest cellulosic agroindustrial residues, and contains, approximately, 50% cellulose and 25% hemicellulose and lignin whereas the straw is composed of 37.4% cellulose, 30% hemicellulose and 18.5% lignin (Pandey et al. 2000) . Both substrates have already been tested as main carbon source for the production of several enzymes including cellulases and xylanases. However, others agro-industrial residues could be investigated as carbon source for enzymes production, such as sisal (Agaveae sisalana). Sisal (Agaveae sisalana Perr.) is a plant of high morphophysiological complexity and is a monocot. Agaveae sisalana contains amount 65% cellulose, 12% hemicelluloses, 10% lignin and 10% starch, and is an important cellulose source for the enzymatic process to produce biofuels. Sisal is the main hard fiber produced worldwide, corresponding to approximately 70% of commercial production of all fibers of this type. Brazil is the world's largest producer of sisal fiber, and has consolidated its position as market leader. Processed sisal fiber yelds about US$ 80 million in exports for Brazil, and generates more than half a million jobs in its service chain, which begins with the maintenance activities of farming, harvesting, refining and processing of fiber and ends with industrialization and the making of handcrafts (Andrade 2010) . Bacterial α-amylases are important and widely used enzymes. Their uses have grown for clinical and medicinal applications as well as analytical chemistry. Besides their use in starch saccharification they are also in the food, baking, brewing, detergent, textile, paper and distilling industries (Lin et al. 1998; Saxena et al. 2007 ). Actinomycetes are Gram-positive myceliumforming soil bacteria, able to produce and excrete a large variety of different antibiotics and enzymes. Many actinomycetes species have been studied for degradation of starch, hemicellulose, lignin and cellulose (Stamford et al. 2001; Nascimento et al. 2003; Bon et al. 2008; Nascimento et al. 2009 ). Starch hydrolysis, catalyzed by α-amylase, is one of the most important large scale uses of Actinomycetes in terms of enzymatic processes (Konsula and Kyrikiades 2004) . The fact that some enzymes have the particular capacity to convert starch into shorter polymers of glucose units has made α-amylase the subject of several studies in recent years for this kind of process (Gupta et al. 2003; Kandra 2003; Li et al. 2004 ). The use of low cost residues as substrates in enzyme production is especially interesting for countries where agro-industrial residues are abundant (Gupta et al. 2003; Kandra 2003) . Amongst the various agro-industrial by-products, sugarcane bagasse and waste sisal are produced in large amounts. Recently, various researchers have utilized sugarcane bagasse for different purposes, e.g. as substrate for bioethanol and enzyme production (Deepchand 1986; Dawson and Boopathy 2007) . However, although sisal waste has not yet been reported as a substrate for enzyme production or some other biotechnological application, it could represent a very important alternative source for various biotechnological processes. The aim of this work was selecting actinomycetes amylase-producers and to evaluate the α-amylase production with the promising SLBA-08 strain, using agro-industrial by-products, such as sisal waste and sugarcane bagasse by submerged fermentation.
MATERIAL AND METHODS

Selection of amylase-producing actinomycetes
All the strains that were tested are deposited at the Actinomycetes Culture Collection of the Microbial Biotechnology Unit of Federal University of Recôncavo da Bahia (UFRB). For spore production, strains were cultured on malt extractyeast extract agar (Shirling and Gottlieb 1966) O 0.001), pH 7.0, were spot inoculated, in duplicates. Amylase-producing strains were identified, after an incubation period of 10 days at 30 ºC, by addition of lugol solution 0.1% and observing a clearing zone surrounding the culture. The actinomycete strain SLBA-08 was selected as promising starch-degrading and was isolated from a soil sample under Agaveae sisalana (sisal) plantation from the semi-arid region of Brazil, using the dilution plate technique. Based on 16S rDNA sequencing and morphology of the spore chain, the strain was classified as belonging to the Streptomyces genus. Stock cultures were maintained on yeast extract-malt extract-agar plates and spores suspensions were prepared according to Hopwood et al. (1985) after cultivation (28 o C/15 days) in this same medium. Spores were maintained in 30% glycerol (v/v) at -18°C.
Fermentation Conditions
The actinomycete Streptomyces sp. SLBA-08 strain was cultivated in 250-mL Erlenmeyer flasks containing 50 mL of a growth medium, as described above, supplemented with a carbon source (sisal waste or sugarcane bagasse) at different concentrations (Table 1) , and urea as the nitrogen source, generating eight different runs.
Flasks, inoculated with 50 µL of a spore suspension (1.61 x 10 8 CFU.mL -1 ), were incubated for 6 days at 30 ºC / 180 rev.min -1 (orbital shaker New Brunswick Scientific Co., New Jersey, USA). Flasks were withdrawn every 24 h and their whole content filtered to separate cells from the supernatant. The contents of the flasks were centrifuged at 2,038 g at 4°C for 10 min, filtered through a glass microfiber filter (Whatman GF/A), and the crude supernatants used for enzymatic assays.
The lignocellulosic biomasses were obtained from different sources. Sugarcane bagasse was obtained from sugar-ethanol plant in Amélia Rodrigues, BA, Brazil. The sisal waste was obtained from sisal farm in Valente, BA, Brazil. For fermentation studies, both residues were washed with distilled water, dried at 50ºC / 48h and milling. All experiments were carried out in duplicate, and the results were expressed as average values. Regression analysis was carried out to help understand the significance of the values. Enzymatic Assays α-Amylase activity was assayed by measuring the release of reducing sugars in a reaction mixture of 1.0 ml of the crude supernatant and 1.0 ml of 1% (w/v) soluble starch (Sigma, MO, USA) solution in 0.05 mol.L -1 phosphate buffer (pH 6.9) incubated at 50°C for 20 min (Novozyme). Reducing sugars were assayed by the dinitrosalicylic acid (DNS) method (Miller 1959) . One unit (U) of α-amylase activity corresponded to 1 µmol of glucose equivalent released per minute under the assay conditions (Bernfeld 1955) .
Influence of pH and temperature on enzyme activity Temperature profile for α-amylase activity was determined by assaying activity at different reaction temperatures (20º to 100 o C) in 50mM sodium phosphate buffer (pH 6.9). In the same way α-amylase activity was assayed in different reaction buffers in 50 mM (KCl-HCl for pH 2.0; sodium citrate for pH 3.0-6.0; phosphate for pH 7.0-8.0 and glycine-NaOH for pH 9.0-10.0) at 50ºC to determine the effect of pH on enzyme activity.
RESULTS AND DISCUSSION
Selection of amylase-producing actinomycetes
The screening data for α-amylase-producing actinomycetes is shown in Table 2 . Although three strains were prominent, among the nine actinomycetes that exhibited hydrolysis zones, the actinomycete SLBA-08 strain was chosen due to its good growth and sporulation characteristics. (2003) reported several amylase-producing bacterial isolated from soil samples and the promising strain was identified as Bacillus sp. Agrawal et al. (2005) reported 33 bacterial colonies which showed a zone of clearance surround the microbial growth in starch medium, isolated from four different locations in IIT-Madras campus, Chennai, Índia.
Enzymatic Production
The time for cell growth and α-amylase accumulation by the Streptomyces sp. SLBA-08 strain in submerged fermentations are shown in Figure 1 . The strain was able to produce amylases using sisal waste (Fig. 1A) and to a lesser extent, sugarcane bagasse (Fig. 1B) , when supplemented with urea as the nitrogen source. Amylases levels varied within the range 1.2-10.1 U.mL -1 . The highest enzyme activity titer, 10.1 U.mL -1 , was observed after 3 fermentation-days in medium 6, containing sisal waste 2.7% (w/v) and urea 0.8% (w/v), as shown in Fig. 1A . Experiments with sugarcane bagasse have shown best values for α-amylase activity (4.20 U.mL -1 ) after 4 fermentation-days (Fig. 1B) . The experiment was statistically significant at the 95% level of significance. Until now, there are no reports in the literature describing the use of sisal waste for enzyme production, and thus there are no sources for comparison and discussion of the results observed in this work. Stamford et al. (2001) reported a high amylase activity (39.2 U.mL -1 ) for the Nocardiopsis sp. strain, an actinomycete isolated from yam bean, when starch and urea were used as substrates, after 3 fermentation-days. Santos and Martins (2003) observed high values for amylase activity (350 U.mL -1 ) produced by Bacillus sp. when starch 1.0% (w/v), yeast extract 0.5% (w/v) and peptone 1.0% (w/v) were used as substrates. Kathiresan and Manivannan (2006) detected a high amylase activity (150 U.mL -1 ) when maltose and peptone were used as substrate, after 4 fermentation days, by Penicillium fellutanum. Chakraborty et al. (2009) , observed the maximum amylase production (4.5 U.mL -1 ) by marine Streptomyces sp. D1, after 10-days fermentation using sucrose and malt extract. The results presented in this work showed that the Streptomyces sp. SLBA-08 strain is a promising amylase producer and could be an important tool for biotechnology applications. Concerning the use of lignocellulosic residues as substrate for enzyme production, Figueira and Hirooka (2000) observed the production of amylases by Fusarium moniliforme and Aspergillus flavus using corn cob and corn straw. The maximum α-amylase activity observed was 42.3 and 4,745.5 U.mL -1 , after 10 fermentation days. Hernández et al. (2006) used brewery and meat processing wastewaters for amylase production by Aspergillus niger. The maximum activities detected were 70.3 and 60.1 U.mL -1 , respectively, after 3 fermentation-days. The use of lignocellulose biomass for enzyme production represents an alternative to reduce the production costs for biotechnological processes. α-Amylase present in supernatant from Streptomyces sp. SLBA-08 grown in sisal bagasse were significantly active in the temperature range tested ( Fig. 2A) . Maximal activities (above 75% relative activities) were observed within the range 40-60ºC and activity levels of 30% were still detected at 80ºC. This value is similar or even higher than the optimal temperature reported by Chakraborty et al. (2009) , for Bacillus strains. Asgher et al. (2007) observed an optimum of temperature at 70ºC from moderately themophilic Bacillus subtilis. The pH activity profiles, within the range 2-10, indicated that the maximum activity was observed at pH 7.0. However, the biocatalyst was able to present a good performance within the complete pH range, retaining 70% activity still in pH 9.0 (Fig. 2B) . Also significant levels of activity (above 70% of relative activity) were detected between pH 5.0 and 9.0. Concerning pH profile, the biocatalyst was able to present a good performance within the wide pH range, but the best results were in the neutral range, as observed by Negi and Banerjee (2009) in Aspergillus awamori. Chakraborty et al. (2009) detected a maximal amylase activity in pH 9.0, presenting a good performance within the wide pH range (7.0 -11.0) for Bacillus strain. These characteristics suggest a possible use for biotechnological processes. The microorganism Streptomyces sp. SLBA-08 used in this study was able to grow and to produce α-amylase using sisal bagasse and urea as sources of C and N. The maximum α-amylase activity detected was 10.1 U.mL -1 , on the third day of cultivation, when the salt mineral medium was supplemented with urea 0.8% (w/v) and sisal bagasse 2.7% (w/v).
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Figure 2 -Effect of temperature (at pH 6.9) (A) and pH (50ºC) (B) of α-amylase activity produced by Streptomyces sp. SLBA-08 grown on sisal bagasse 2.7% (w/v) and urea 0.8% (w/v). Residual activity is expressed as a percentage of the original activity.
These results showed the importance of searching for new biotechnological microbial sources in different ecosystems. Brazilian soils have have shown a great microbial biodiversity with different enzyme profiles, specially cellulases, xylanases, amylases and proteinases. The present work here reports for the first time the use of lignocellulosic residues, such as sisal waste or even sisal fiber as the carbon source for amylase production by an actinomycete strain, Streptomyces sp. SLBA-08.
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Sisal represents an alternative lignocellulosic source for enzyme production and biotechnological applications. Every year, many tons of sisal waste is generated and only a small amount is used as animal fodder.
